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Distribution patterns of meiofauna on a tropical macrotidal sandy beach, 
with special focus on nematodes (Caixa d’Água, Amazon Coast, Brazil)
Spatial distribution patterns (both horizontal and vertical) of meiofauna, with special focus on nematodes, on a tropical 
macrotidal beach across different climatic periods were analyzed in this study. Samplings were carried out at five 
stations in the intertidal zone in June (rainy season) and December (dry season), 2011. At each station, three samples 
were taken using a corer with 3cm diameter, which was thrust 10cm into the substrate and stratified in 0-2, 2-5, and 
5-10cm. Meiofauna was comprised of 16 groups and Nematoda was the dominant. Meiofauna density during rainy 
season was higher at the central intertidal station and during dry season it was lower near the high tide mark, followed 
by an increasing trend towards the low tide mark. Meiofauna was more concentrated in the upper sediment layer during 
rainy season. However, during dry season, the highest density occurred in the lower sediment layer at both stations 
near the high tide mark. Nematoda association was comprised of 72 genera, with Daptonema and Theristus (both from 
the family Xyalidae) as the dominant ones in most stations and strata. The genera richness and diversity increased 
towards the low tide mark, with lower richness in the upper stratum at most stations. Non-selective deposit-feeders 
predominated during rainy season, while at dry season there was an alternation of dominance between non-selective 
deposit-feeders and epistrate feeders. Significant differences were found in the meiofauna community, as well as in 
the Nematoda association in regard to the months, stations, and sediment layers. The distribution patterns of interstitial 
organisms found in this study, in part, follow what is already known for microtidal beaches but other differential aspects 
were observed even if compared to environments of macrotidal beaches in temperate regions.
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INTRODUCTION
Meiofauna is a community of approximately 30 phyla 
that inhabit the interstices of aquatic sediments (Giere, 
2009) and among them Nematoda stand out as the inver-
tebrates with the highest abundance, with a number of 
species that is higher in magnitude than any other ben-
thic taxon (Heip et al., 1982; Hodda, 2007). The distribu-
tion patterns of meiofauna are horizontally and vertically 
variable, and depend on a combination of physical and 
chemical environmental conditions, such as temperature, 
salinity (Olafsson, 1991), and desiccation (Jansson, 1968).
In beach environments, meiofauna generally have a 
highest horizontal diversity near the low tide mark, while 
its lowest diversity is found close to the high tide mark. 
On the other hand, density does not follow this same pat-
tern and frequently the highest abundance is found in the 
middle intertidal, although nematodes are known to be 
very resistant occurring with high densities in all intertidal 
region (Giere, 2009). Vertically, sandy beach organisms 
have preference for upper sediment layers (McLachlan, 
1977), nematodes are mainly distributed close to the sur-
face, moving to deeper layers during high tides and sub-
sequently returning (Platt, 1977), but in some exposed 
beaches they can be found even 1m deep (Heip et al., 
1985). These patterns, however, are well established on 
microtidal beaches of temperate and tropical regions. For 
macrotidal beaches of tropical regions the major limiting 
factor to understanding them is the scarcity of studies on 
meiofauna structure.
Temporal variation on meiofauna also occurs in short- 
(related to tidal cycle and changes in sediment moisture), me-
dium- (on a daily basis, related to changes in temperature), 
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and long term (related to seasons of the year) (McLachlan 
and Brown, 2006). Seasonal changes in abundance and 
composition of meiofauna communities in coastal en-
vironments have been clearly observed in several stu-
dies, and are related to annual variations in temperature 
and food availability (Heip et al., 1985; Coull, 1999; 
Albuquerque et al., 2007). For instance, Nematoda are 
known to have higher abundance in the hottest period 
of the year in temperate regions (Coull, 1988) but, there 
is still no well-established pattern described to tropical 
regions. The few existing studies in these regions indi-
cate rainfall as the major structuring factor of meiofauna 
and nematofauna (Pattnaik and Rao, 1990; Ingole and 
Parulekar, 1998; Gomes and Rosa-Filho, 2009; Venekey 
et al., 2014).
In an attempt to understand distribution and struc-
ture of Nematoda associations on beaches, several stu-
dies have been conducted both on horizontal distribu-
tion (Nicholas and Hodda, 1999; Gheskiere et al., 2002; 
Gheskiere et al., 2004; Gingold et al., 2010; Maria et 
al., 2013) and on vertical distribution (Sharma and 
Webster, 1983; Maria et al., 2012; Maria et al., 2018). 
However, the studies focusing on horizontal and/or ver-
tical distribution across climatic periods are still limited 
(Sharma and Webster, 1983; Nicholas and Hodda, 1999; 
Armenteros et al., 2009; Gingold et al., 2010). In addi-
tion, most part of this knowledge came from studies on 
microtidal beaches, while macrotidal areas remain virtu-
ally unknown (Gheskiere et al., 2002; Gheskiere et al., 
2004; Gingold et al., 2010; Maria et al., 2012; Maria et 
al., 2013; Maria et al., 2018). Even less is known about 
climatic seasonality, except for Gingold et al. (2010), 
who studied El Tornillal beach in the Gulf of California 
(Mexico) for two distinct periods.
The Amazon coast represent 35% of the Brazilian 
littoral and presents a highly peculiar dynamics com-
pared to other regions worldwide, such as: semi-diurnal 
macrotides, high discharge of rivers and the presence 
of moderate wave energy modulated by sandy bars and 
rips (Oliveira et al., 2014). All region is subject to spa-
tial and temporal dynamics unrivalled worldwide due to 
factors such as the climate governed by the Intertropical 
Convergence Zone (ITCZ). One of the main consequen-
ces of the ITCZ is the period of rainfalls that occurs 
more intensively from January to April (Moraes et al., 
2005). The periodicity of rainfalls influences the flood 
regime in all tributaries of Amazon River and conse-
quently generates seasonal changes in its discharge. 
These phenomena together with constant trade winds, strong 
coastal currents and wide tidal breadths (macrotides) cause 
high reworking and sediment erosion, and have a direct 
influence on all Amazon region (Souza Filho et al., 2009).
The aim of the present study is to characterize spatial 
distribution patterns (both horizontal and vertical) of meio-
fauna, with special focus on nematodes, on an Amazonian 
macrotidal tropical beach (Caixa d’Água, Algodoal Island, 
Brazil), across dry and rainy periods.
MATERIAL AND METHODS
Caixa d’Água beach is located in the northwestern 
region of Algodoal-Maiandeua Island, approximately 
150 km away from Belém (capital city of Pará state). 
The island is located in the northern coast of Brazil 
(47°32’05” to 47°34’12” W and 0°34’45” to 0°37’30” 
S) and is limited by the Atlantic Ocean to the North, the 
Maracanã Bay to the East, the Marapanim Bay to the 
West, and Mocoóca stream to the South (Prost, 1994) 
(Figure 1). Climate in the Amazon region is tropical 
humid and seasonal changes results from the Inter-
Tropical Convergence Zone (ITCZ), with mean annu-
al temperature of 27.7ºC. There are two well defined 
seasons, rainy from January to August, and dry, from 
September to December (Moraes et al., 2005). The an-
nual mean precipitation ranges from 2300 to 2800 mm, 
with 73% of it occurring from January to April (Moraes 
et al., 2005). Caixa d’Água is morphologically classi-
fied as a low-tide terrace beach (Rosa-Filho et al., 2011) 
and has ~200 m-long intertidal zone. Surface sediment 
on Caixa d’Água is dominated by very fine sand (Rosa-
Filho et al., 2011) and tidal amplitude in the area ranges 
from 4m to 6m (macrotide), with a semi-diurnal cycle 
(Ataide et al., 2014).
Samplings were carried out in June (representing 
rainy period) and December (representing dry period), 
2011, in the intertidal zone using a stratified sampling 
design. A transect perpendicular to the spring tide ma-
rk was outlined and five stations 50m apart from each 
other were sampled. The first station (S1) was located 
close to the high tide mark and the last one (S5) was 
located near the low tide mark. Three samples were 
taken from each station using a corer with 3cm diame-
ter, thrust 10cm in the substrate and stratified in 0-2, 
2-5, and 5-10cm, and were subsequently fixed in 4% 
saline formalin. Surface temperature of substrate was 
determined at each station using a soil thermometer. 
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Surface water salinity was determined using a manual re-
fractometer. In addition, rainfall data were obtained from 
the National Institute of Meteorology (INMET) conside-
ring the climatological station of Marudá, a district located 
approximately 8Km away from Algodoal Island, which 
belongs to the municipality of Marapanim.
Meiofauna was extracted from the sediment in the 
laboratory using manual elutriation as suggested by Elmgren 
(1973), and the supernatant was passed through 0.044 to 
0.5mm-mesh sieves. In order to count meiofauna groups, the 
sample retained in the 0.044mm sieve was stained with Rose 
Bengal and the animals were counted in a Dollfus plate with 
the help of a stereoscope microscope. The 50 first Nematoda 
of each sample were removed, diaphanized, and mounted on 
permanent slides following the protocol by De Grisse (1969).
Nematoda individuals were identified at the genus 
level under optical microscope and using the pictorial key 
by Warwick et al. (1998), as well as specific bibliography 
from the Marine Biology Section of Ghent University 
(Belgium) and from Nemys website (Vanaverbeke et al., 
2016). The genera found were grouped in four trophic 
types based on oral cavity structure according to Wieser 
(1953): 1A - selective deposit-feeders without oral cavity, 
1B - non-selective deposit-feeders with wide oral cavity 
without teeth, 2A - epistrate feeders with oral cavity with 
small teeth, and 2B - predators/omnivores with wide oral 
cavity with strong teeth and/or mobile mandibles. The 
classification proposed by De Ley and Blaxter (2004) was 
adopted to make the taxonomic list. 
For each sample, density (ind./10cm2), richness (S), 
evenness (J’) and diversity (H’ log
2
) of the meiofauna 
community and Nematoda association were calculated. 
Cochran tests were used to check the homogeneity of va-
riances, and where required, data were log transformed (x 
+ 1). Differences in descriptors of meiofauna community 
and Nematoda association between periods (rainy and dry), 
stations (S1, S2, S3, S4, and S5), and sediment layers (0-
2, 2-5, and 5-10cm) were tested using an analysis of va-
riance (factorial ANOVA). Temperature was also analyzed 
between periods with an ANOVA. An a posteriori Tukey’s 
test was performed when significant differences between 
factors were detected. PERMANOVA was applied to as-
sess differences in meiofauna communities and Nematoda 
associations after data transformed to log (x+1) and using 
the Bray Curtis index. Pairwise a posteriori comparisons 
were performed when significant differences were detected. 
Figure 1. Map indicating the Caixa d’Água beach, Algodoal Island, Amazon Coast, Brazil.
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The formation of groups due to the effect of factors in com-
munity and association structures were visualized using a 
non-metric Multidimensional Ordination (nMDS). The con-
tributions of each meiofauna group and Nematoda genus to 
dissimilarity between periods, stations, and sediment layers 
were analyzed using the percentage of similarity (SIMPER). 
The significance level adopted for all analyses was 0.05. 
Statistical analyses were performed using the STATISTICA 
8, PRIMER 6, and PERMANOVA+ programs.
RESULTS
Environmental parameters
Salinity was 23 ppt in the rainy period and 36 in the 
dry period. Temperature varied between periods (p<0.05) 
with mean value of 29.8°C and 33.0°C in the rainy and dry 
periods, respectively. Among stations temperature varied 
from 29°C at S5 to 30°C at the other stations in the rainy 
period and from 32°C at S4 to 34°C at S1 and S3 in the 
dry period. Rainfall was 126mm in June (rainy period) and 
19mm in December (dry period) (INMET, 2018).
Meiofauna
Meiofauna was represented by 16 groups (Acari, 
Bivalvia, Collembola, Copepoda, Gastrotricha, 
Kinorhyncha, Insecta Larvae, Mollusca, Nauplius, 
Nematoda, Oligochaeta, Ostracoda, Polychaeta, Rotifera, 
Tardigrada, and Turbellaria). The rainy period presented 
one taxon more (14) than the dry period (13). Collembola, 
Kinorhyncha, and Oligochaeta were exclusive to the rainy 
period, while Gastrotricha and Mollusca were only found 
in the dry period.
Meiofauna density, richness, and diversity significantly 
varied among stations and sediment layers, but not between 
periods (Table 1). Significant variation in density, richness 
and diversity were also found considering interactions of 
the factors (except period x sediment layers for richness). 
On the other hand, evenness significantly varied only 
among sediment layers and interactions of some factors. 
In the rainy period density was higher at the central station 
(S3) (2553.74 ind./10cm2), although the closest station 
to the high tide mark (S1) had a similarly high density. 
The lowest density was found at S4 (288.11 ind./10cm2). 
Table 1. Results of the factorial ANOVA evaluating the significance of differences in the descriptors of meiofauna 
community and Nematoda associations at Caixa d’Água beach. Asterisks represent significant differences (p<0.05).
Density Richness Evenness Diversity
Factors df F p F p F p F p
Meiofauna
Periods (P) 1 1.61 0.209 0.80 0.374 1.40 0.240 0.35 0.551
Stations (Sta) 4 11.09 0.000* 3.26 0.017* 0.90 0.467 2.56 0.046*
Layers (Lrs) 2 140.09 0.000* 34.63 0.000* 14.91 0.000* 31.05 0.000*
P x Sta 4 24.09 0.000* 5.78 0.000* 2.19 0.081 5.79 0.000*
P x Lrs 2 19.50 0.000* 2.26 0.112 0.16 0.853 3.71 0.030*
Sta x Lrs 8 3.93 0.000* 5.42 0.000* 2.51 0.020* 5.66 0.000*
P x Sta x Lrs 8 13.65 0.000* 4.69 0.000* 6.65 0.000* 5.15 0.000*
Nematoda
Periods (P) 1 88.53 0.000* 57.19 0.000* 5.99 0.017* 74.31 0.000*
Stations (Sta) 4 29.12 0.000* 32.07 0.000* 2.57 0.046* 36.31 0.000*
Layers (Lrs) 2 16.68 0.000* 5.45 0.006* 3.90 0.025* 7.18 0.001*
P x Sta 4 3.07 0.022* 2.38 0.061 2.33 0.065 7.25 0.000*
P x Lrs 2 15.19 0.000* 6.99 0.001* 3.80 0.027* 11.55 0.000*
Sta x Lrs 8 6.81 0.000* 4.89 0.000* 1.98 0.064 6.42 0.000*
P x Sta x Lrs 8 2.62 0.015* 1.97 0.064 1.65 0.128 1.91 0.074
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Differently, in the dry period, density was lower at S1 
(196.58 ind./10cm2) and it followed an increasing trend 
towards the low tide mark, with higher density closer 
to the waterline (S5) (706.92 ind./10cm2) (Figure 2A). 
Considering sediment layers, in the rainy period density 
was higher in the upper sediment layer (0-2cm) (635.99 
to 4977.11 ind./10cm²) and lower in the lower sediment 
layer (5-10cm) (24.53 to 474.75 ind./10cm²) at all stations 
(Figure 3A). In the intermediate sediment layer (2-5cm) 
the density varied from 131.16 to 1184.71 ind./10cm². 
In the dry period the highest density was observed in 
different sediment layers depending on the station: higher 
in 5-10cm at S1 and S2 (228.25 and 796.41 ind./10cm², 
respectively), higher in 0-2cm at S3 and S4 (897.85 and 
1411.65 ind./10cm², respectively), and in S5 the highest 
density was found in 2-5cm (842.17 ind./10cm²) (Figure 
3B). Differences in density were significant among 
stations and sediment layers for S1 and S3 (rainy period) 
and S4 and S5 (dry period), with the highest densities 
occurring in 0-2cm.
The number of taxa was similar among the intertidal 
stations, while the richness was higher in 0-2cm at most 
stations, especially in the rainy period (Figures 3A and 3B). 
Figure 2. Mean density (ind./10cm2 ± standard deviations) of 
meiofauna (A) and Nematoda (B) at Caixa d’Água beach stations 
during the rainy and dry periods.
Figure 3. Mean density (ind./10cm2 ± standard deviations) and richness of meiofauna [rainy (A) and dry (B) periods] and Nematoda [rainy 
(C) and dry (D) periods] in sediment layers at beach stations at Caixa d’Água beach.
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Group richness varied in both dry and rainy periods, as 
follow: rainy period - from 7 at S4 to 11 at S5 (0-2cm), 
from 6 at S2 to 8 at S1 (2-5cm) and from 3 at S4 to 8 at S5 
(5-10cm); dry period - from 5 at S1 to 11 at S5 (0-2cm), 
6 at S2 to 8 at S4 (2-5cm) and from 4 at S4 to 9 at S3 
(5-10cm) (Figures 3A and 3B). The high richness found 
in 0-2cm of S5 (dry period) accounted for differences in 
richness. The low diversity found at S3 and S4 in 5-10cm 
(rainy period) accounted for differences in diversity. On the 
other hand, the low species evenness found in the 5-10cm 
at S3 (dry period) accounted for differences in evenness.
In the rainy period, Nematoda was the dominant taxon 
in all sediment layers at all sampling stations (maximum 
of 3398.91 ind./10cm² in 0-2cm of S1) (Figure 4A), except 
for 5-10cm of S2, where Rotifera had the highest density 
(17.92 ind./10cm²) (Figure 4B). During dry period, 
Nematoda also dominated all sediment layers (maximum 
of 826.13 ind./10cm² in 2-5cm of S5) (Figure 4A), except 
for the 0-2cm of S3 and S4, and 5-10cm of S3, where 
Tardigrada was dominant with 442.08, 897.95, and 294.40 
ind./10cm², respectively (Figure 4C).
Regarding meiofaunal community structure, 
PERMANOVA showed significant differences between 
periods, stations and sediment layers (Table 2). 
Considering stations, significant differences were not 
found only between S1 and S3 during rainy period 
(Table 3). Differences between periods, stations, 
and sediment layers can be seen in the non-metric 
multidimensional ordination (nMDS) figures (Figure 5). 
Regarding periods, although the nMDS analysis showed 
some mixture between samples, it still indicated 
differences between the rainy and the dry periods 
(Figure 5A). Regarding the horizontal structure, the 
nMDS analysis did not show a clear clustering among 
stations (Figure 5B). On the other hand, and regarding 
the vertical structure, although the nMDS analysis 
showed some mixture it still indicated difference between 
sediment layers (Figure 5C).
SIMPER analysis showed that the mean dissimilarity 
between periods was 48.87%. Tardigrada (17.40%), 
Turbellaria (17.07%), and Rotifera (16.76%) were the groups 
that contributed most to dissimilarity between periods. 
Figure 4. Mean density (ind./10cm2 ± standard deviations) of the most abundant meiofaunal groups in sediment layers at Caixa d’Água beach 
stations during the rainy and dry period. The black bars indicate the highest density found among the groups in the corresponding sediment 
layer and station.
Table 2. Results of PERMANOVA tests for comparing the multivariate structure of meiofauna community and Nematoda 
associations among periods, stations and sediment layers at Caixa d’Água beach. Asterisks represent significant differences (p<0.05).
Meiofauna Nematoda
Factors df MS Pseudo-F p(perm) MS Pseudo-F p(perm)
Periods (P) 1 9264 30.153 0.001* 24745 28.774 0.001*
Stations (Sta) 4 2159.6 7.0291 0.001* 13088 15.219 0.001*
Layers (Lrs) 2 9782.1 31.839 0.001* 15480 18 0.001*
P x Sta 4 2889.1 9.4036 0.001* 5966.8 6.9382 0.001*
P x Lrs 2 2199.5 7.1592 0.001* 4974.9 5.7848 0.001*
Sta x Lrs 8 1109.4 3.611 0.001* 2931.1 3.4083 0.001*
P x Sta x Lrs 8 1417.6 4.6142 0.001* 3117.6 3.6252 0.001*
Residue 60 307.23 859.99
Total 89
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Table 3. Results of the paired tests for the structure of meiofauna community and Nematoda associations between 
stations and sediment layers in each period at Caixa d’Água beach. Asterisks represent significant differences (p<0.05).
Meiofauna Nematoda
Factors t p(perm) T p(perm)
Rainy period
S1 x S2 2.5785 0.003* 1.183 0.24
S1 x S3 1.7167 0.078 2.5671 0.001*
S1 x S4 3.461 0.001* 3.8818 0.001*
S1 x S5 3.9167 0.001* 2.9796 0.001*
S2 x S3 3.3972 0.001* 1.5817 0.005*
S2 x S4 2.2274 0.004* 2.4126 0.002*
S2 x S5 3.7805 0.001* 1.9321 0.004*
S3 x S4 3.4706 0.001* 2.3681 0.001*
S3 x S5 3.4102 0.001* 1.9652 0.004*
S4 x S5 2.6127 0.002* 2.0233 0.001*
0-2cm x 2-5cm 4.2612 0.001* 4.7948 0.001*
0-2cm x 5-10cm 6.4355 0.001* 3.8828 0.001*
2-5cm x 5-10cm 4.0018 0.001* 3.0761 0.001*
Dry period
S1 x S2 2.2107 0,005* 3.1438 0.001*
S1 x S3 3.0574 0.001* 5.1233 0.001*
S1 x S4 2.3343 0.002* 6.716 0.001*
S1 x S5 2.8762 0.001* 5.447 0.001*
S2 x S3 2.6753 0.001* 4.8343 0.001*
S2 x S4 2.3003 0.002* 6.3943 0.001*
S2 x S5 2.4896 0.002* 5.2795 0.001*
S3 x S4 1.7475 0.028* 3.0578 0.002*
S3 x S5 2.3748 0.001* 2.5074 0.001*
S4 x S5 1.9009 0.006* 2.0803 0.003*
0-2cm x 2-5cm 3.9882 0.001* 3.2177 0.001*
0-2cm x 5-10cm 3.8913 0.001* 3.5347 0.001*
2-5cm x 5-10cm 2.3491 0.002* 2.3685 0.001*
Regarding stations, SIMPER analysis showed that the 
highest dissimilarity within the community was between 
S1 and S5 (47.87%). Again Tardigrada (17.95%), 
Turbellaria (14.48%), and Rotifera (14.41%) were the 
groups that contributed most to dissimilarity. Regarding 
sediment layers, SIMPER analysis showed that the highest 
dissimilarity was between 0-2 and 5-10cm (54.60%). 
The same groups, Tardigrada (19.71%), Turbellaria 
(18.60%), and Rotifera (13.17%), also contributed most to 
dissimilarity among sediment layers.
Nematoda
Nematoda association was comprised of 2 classes, 7 
orders, 28 families, and 72 genera (Table 4). Chromadoridae, 
Cyatholaimidae, Desmodoridae, and Xyalidae were the 
richest families, with 7 genera each. Dry period was richer 
(with 60 genera) than rainy period (with 48 genera). Of the 
genera found, 12 were exclusive to rainy period and 24 were 
exclusive to dry period.
Density, richness, diversity, and evenness significantly 
varied between periods, stations, and sediment layers (Table 1). 
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Figure 5. nMDS for meiofauna community [periods (A), stations (B) and sediment layers (C)] and Nematoda associations [periods (D), stations 
(E) and sediment layers (F)] at Caixa d’Água beach.
Significant variation in density, richness, diversity and 
eveness were also found considering interactions of 
the factors with few exceptions. Nematoda densities 
in the rainy period were higher at the central station 
(S3) (1566.87 ind./10cm2) and at the station closer to 
the high tide mark (S1). On the other hand, in the dry 
period, similar to meiofauna, density was lower at S1 
(182.27 ind./10cm2) and it followed an increasing trend 
towards the low tide mark, with higher density at S5 
(613.03 ind./10cm2) (Figure 2B). Considering sediment 
layers, in the rainy period density was higher in 0-2cm 
(553.90 ind./10cm² to 3398.91 ind./10cm²) and lower in 
5-10cm (207.59 to 769.04 ind./10cm²) at all stations (Figure 
3C). In 2-5cm the density varied from 122.67 to 858.69 
ind./10cm². In the dry period the highest density was observed 
in different sediment layers depending on the station: higher 
in 5-10cm at S1 and S2 (208.06 and 769.04 ind./10cm², 
respectively), higher in 0-2cm at S3 and S4 (272.23 and 
369.89 ind./10cm², respectively), and in S5 the highest density 
was found in 2-5cm (826.13 ind./10cm²) (Figure 3D). The 
significant differences in density between periods were due 
to the fact that the rainy period had the highest densities. 
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Table 4. List of Nematoda taxa recorded during the rainy (R) and dry (D) periods, stations (S1, S2, S3, S4, S5) and sediment 
layers (0-2, 2-5 e 5-10) at Caixa d’Água beach.
Phylum Nematoda
Class Enoplea
Order Enoplida
Family Thoracostomopsidae
Enoplolaimus De Man, 1893 (R) (S1) (0-2)
Family Anoplostomatidae
Anoplostoma Bütschli, 1874 (R) (S5) (0-2)
Chaetonema Filipjev, 1927 (D) (S3, S5) (0-2, 2-5)
Family Anticomidae
Anticoma Bastian, 1865 (D) (S5) (2-5)
Family Trefusiidae
Trefusia Filipjev, 1893 (R, D) (S3, S4, S5) (2-5, 5-10)
Lauratonema Gerlach, 1953 (D) (S3) (2-5)
Family Oncholaimidae
Adoncholaimus Filipjev, 1918 (D) (S3, S5) (0-2, 2-5)
Oncholaimellus De Man, 1890 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Oncholaimus Dujardin, 1845 (R, D) (S1, S2, S3) (0-2, 2-5, 5-10)
Viscosia de Man, 1890 (D) (S2) (0-2)
Family Enchelidiidae
Polygastrophora De Man, 1922 (R) (S3, S4, S5) (0-2, 5-10)
Family Oxystominidae
Halalaimus De Man, 1888 (R, D) (S2, S3, S4, S5) (0-2, 2-5, 5-10)
Oxystomina Filipjev, 1921 (R, D) (S2, S3, S5) (0-2, 5-10)
Family Tripyloididae
Bathylaimus Cobb, 1894 (D) (S2, S4) (0-2, 2-5)
Class Chromadorea
Order Chromadorida
Family Chromadoridae
Actinonema Cobb,1920 (D) (S5) (5-10)
Chromadorita Filipjev, 1922 (R, D) (S1, S2) (0-2, 2-5, 5-10)
Dichromadora Kreis, 1929 (R, D) (S1, S2, S4, S5) (0-2, 2-5, 5-10)
Hypodontolaimus Fikipjev, 1922 (D) (S5) (0-2, 2-5)
Innocuonema Inglis, 1969 (D) (S5) (5-10)
Neochromadora Micoletzky, 1924 (D) (S1, S2) (0-2, 2-5, 5-10)
Trochamus Boucher & Bovée, 1972 (R, D) (S1, S2, S3) (0-2, 2-5, 5-10)
Family Neotonchidae
Filitonchus Platt, 1982 (D) (S3) (2-5)
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Gomphionema Wieser & Hopper, 1966 (R) (S3, S4, S5) (0-2, 2-5, 5-10)
Nannolaimus Cobb, 1920 (R) (S4, S5) (2-5, 5-10)
Neotonchus Cobb, 1933 (R, D) (S3, S4, S5) (5-10)
Family Cyatholaimidae
Longicyatholaimus Micoletzk, 1924 (R, D) (S2, S3, S4, S5) (2-5, 5-10)
Marylynnia Hopper, 1977 (D) (S2) (0-2)
Metacyatholaimus Stekhoven, 1942 (R) (S4) (2-5)
Nannolaimoides Ott, 1972 (R, D) (S4, S5) (2-5)
Paralongicyatholaimus Stekhoven, 1942 (R, D) (S3, S4, S5) (2-5, 5-10)
Pomponema Cobb, 1917 (R, D) (S3, S4, S5) (2-5, 5-10)
Praeacanthonchus Micoletzky, 1924 (R) (S2) (5-10)
Family Selachinematidae
Choniolaimus Ditlevsen, 1918 (R) (S3, S5) (2-5)
Gammanema Cobb, 1920 (R, D) (S1, S2, S3, S4, S5) (2-5, 5-10)
Order Desmodorida
Family Desmodoridae
Catanema Cobb, 1920 (R, D) (S3, S4, S5) (5-10)
Chromaspirinia Filipjev, 1918 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Eubostrichus Greef, 1869 (R, D) (S5) (5-10)
Metachromadora Filipjev, 1918 (D) (S3) (2-5)
Molgolaimus Ditlevisen, 1921 (R, D) (S3, S5) (5-10)
Pseudochromadora Daday, 1889 (R, D) (S3) (0-2, 2-5, 5-10)
Spirinia Gerlach, 1963 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Family Draconematidae
Paradraconema Allen & Noffsinger, 1978 (R, D) (S2) (2-5)
Family Microlaimidae
Microlaimus De Man, 1880 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Spirobolbolaimus Soeatert & Vincx, 1988 (R, D) (S4, S5) (2-5)
Family Monoposthidae
Monoposthia De Man, 1989 (D) (S3) (2-5)
Nudora Cobb, 1920 (R, D) (S2, S3, S4, S5) (0-2, 2-5, 5-10)
Order Desmoscolecida
Family Desmoscolecidae
Desmoscolex Claparède, 1863 (D) (S2) (2-5)
Family Cyartonematidae
Cyartonema Cobb,1920 (D) (S4) (5-10)
Order Monhysterida
Family Sphaerolaimidae
Continued Table 4.
BRAZILIAN JOURNAL OF OCEANOGRAPHY. 2019;v67:e19230
Baia et al.: Meiofauna and nematodes on a macrotidal beach
11
Sphaerolaimus Bastian, 1865 (D) (S1) (5-10)
Family Xyalidae
Ammotheristus Lorenzen, 1977 (R) (S4, S5) (2-5)
Daptonema Cobb, 1920 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Omicronema Cobb, 1920 (R, D) (S2, S4, S5) (0-2, 2-5, 5-10)
Paramonohystera Steiner, 1916 (R) (S4) (2-5)
Prorhynchonema Gourbault, 1982 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Theristus Bastian, 1865 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Trichotheristus Wieser, 1956 (D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Family Linhomoeidae
Eumorpholaimus Schulz, 1932 (R) (S5) (0-2)
Linhomoeus Bastian, 1865 (R, D) (S3, S4, S5) (0-2, 2-5, 5-10)
Metalinhomoeus De Man, 1907 (D) (S3, S4, S5) (5-10)
Terschellingia De Man, 1888 (R, D) (S1, S3, S4, S5) (0-2, 2-5, 5-10)
Order Araeolaimida
Family Axonolaimidae
Axonolaimus De Man, 1889 (R, D) (S1, S2, S3, S4, S5) (0-2, 2-5, 5-10)
Odontophora Bütschli, 1874 (R, D) (S3, S4, S5) (0-2, 2-5, 5-10)
Family Comesomatidae
Paracomesoma Hope & Murphy, 1972 (D) (S4) (2-5)
Sabatieria Rouville, 1903 (R, D) (S3, S4, S5) (0-2, 5-10)
Family Diplopeltidae
Campylaimus Cobb, 1920 (R) (S5) (2-5)
Order Plectida
Family Leptolaimidae
Dagda Southern, 1924 (D) (S4) (0-2)
Leptolaimus De Man, 1876 (D) (S4) (0-2)
Family Aegialoalaimidae
Aegialoalaimus De Man, 1907 (R, D) (S2, S3, S4, S5) (0-2, 2-5)
Family Diplopeltoididae
Diplopeltoides Gerlach, 1962 (R, D) (S4, S5) (0-2, 2-5, 5-10)
Family Ceramonematidae
Dasynemoides Chitwood, 1936 (R, D) (S2, S3, S4, S5) (0-2, 2-5, 5-10)
Metadasynemoides Haspeslagh, 1973 (R, D) (S3, S4, S5) (0-2, 2-5)
Pselionema Cobb, 1933 (D) (S5) (2-5)
Continued Table 4.
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Low densities found in 5-10cm of S2 and in 2-5cm of 
S4 (rainy period) were responsible for the differences in 
densities among stations and sediment layers.
Nematofauna richness had an increasing trend towar-
ds the low tide mark, and it had lower richness in 0-2cm at 
most stations. This richness varied in both dry and rainy 
periods, as follow: rainy period - from 8 at S1 and S3 to 
14 at S5 (0-2cm), from 7 at S1 to 17 at S5 (2-5cm) and 
from 3 at S2 to 21 at S5 (5-10cm); dry period - from 9 at 
S1 to 17 at S5 (0-2cm), from 8 at S1 to 23 at S4 (2-5cm) 
and from 12 at S1 and S2 to 27 at S5 (5-10cm) (Figures 
3C and 3D). The high richness found in 2-5cm of S4 
(rainy period) accounted for differences in richness. The 
low diversity found in 5-10cm of S1 and S2 (rainy period) 
accounted for differences in diversity. On the other hand, 
the low species evenness found in 5-10cm of S1 and S2 
(rainy period) accounted for differences in evenness be-
tween periods, stations, and sediment layers.
Daptonema was present in all sediment layers of almost 
all stations in the rainy period, and it had the highest density at 
most stations (maximum of 41.99 ind./10cm² in 2-5cm of S3) 
(Figure 6A). Where Daptonema did not have the highest 
Figure 6. Mean density (ind./10cm2 ± standard deviations) of the most abundant Nematoda genera in sediment layers at Caixa d’Água beach 
stations during the rainy and dry period. The black bars indicate the highest density found among the genera in the corresponding sediment 
layer and station.
density, Theristus (Figure 6B), Axonolaimus (Figure 6C), 
Odontophora (Figure 6D), and Oncholaimellus (Figure 6E) 
were the dominant genera. On the other hand, in the dry pe-
riod Theristus was present in all sediment layers of almost all 
stations, with the highest density at most stations (maximum 
of 30.19 ind./10cm² in 0-2cm of S1) (Figure 6B). Where 
Theristus did not have the highest density, the dominant ge-
nera were Chromaspirinia (Figure 6F), Trochamus (Figure 
6G), Adoncholaimus (Figure 6H), Daptonema (Figure 6A), 
Oncholaimellus (Figure 6E), and Odontophora (Figure 6D).
Considering trophic groups, non-selective deposit-fe-
eders (1B) dominated nearly all sediment layers of all sta-
tions during rainy period, ranging from 5% in 5-10cm of 
S3 to 98% in 5-10cm of S1 (Figure 7A). In the dry period, 
however, there was decrease in non-selective deposit-fee-
ders, and therefore, increase in other trophic groups, such 
as epistrate feeders (2A) (Figure 7B). Hence, there was an 
alternation of dominance between non-selective deposit-
-feeders (1B) and epistrate feeders (2A) in the dry period. 
On the other hand, the abundance of predators (2B) and 
selective deposit-feeders (1A) increased at S3, S4, and S5 
of the intertidal zone in both periods (Figures 7A and B).
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Regarding Nematoda association structure, 
PERMANOVA showed significant differences between 
periods, stations (except between S1 and S2 in the rainy 
period), and sediment layers (Tables 2 and 3). Differences 
between periods, stations, and sediment layers might 
be seen in the non-metric multidimensional ordination 
(nMDS) plots (Figure 5). Regarding periods, although 
the nMDS analysis showed some mixture, it still indica-
ted difference between them (Figure 5D). Regarding the 
horizontal structure, the nMDS analysis grouped nema-
tofauna from Caixa d’Água beach into two associations. 
The first one was comprised of the samples from S1 and 
S2, and the second association was comprised of samples 
from the other three stations (S3, S4, and S5) (Figure 5E). 
Regarding vertical structure, the nMDS analysis showed 
that 5-10cm is the most differentiated, as it is not as clus-
tered with the other two, more superficial sediment layers 
(0-2 and 2-5cm) (Figure 5F).
SIMPER analysis showed that the mean dissimila-
rity between periods was 75.68%. Daptonema (8.24%), 
Theristus (6.72%), and Axonolaimus (5.74%) were the 
genera that contributed most to dissimilarity between 
periods. Regarding stations, SIMPER analysis showed 
that the highest dissimilarity was between S1 and S4 
Figure 7. Relative abundance (%) of the Nematoda feeding types in sediment layers at Caixa d’Água beach 
stations during the rainy (A) and dry (B) period (1A= selective deposit feeders, 1B= non-selective deposit 
feeders, 2A= epistrate feeders, 2B= predators/omnivores).
(75.68%). Daptonema (8.24%), Theristus (6.72%), and 
Dasynemoides (6.31%) were the genera that contribu-
ted most to dissimilarity among stations. Regarding 
sediment layers, SIMPER analysis showed that the 
highest dissimilarity was between 0-2 and 5-10cm 
(79.05%). Daptonema (9.97%), Axonolaimus (7.76%), 
and Theristus (7.21%) were the genera that contributed 
most to dissimilarity among sediment layers.
DISCUSSION
The dominance of Nematoda in the meiofauna com-
munity has been widely described in literature by several 
authors. This taxon generally dominates meiofauna, ac-
counting for over 50% of the total number of individuals 
(Coull, 1988), and it might reach up to 90% of the total 
fauna in habitats with medium-to-fine sand grain (Giere, 
2009). In Caixa d’Água beach very fine sand dominates 
the sediment (Rosa-Filho et al., 2011), fact that can ex-
plain the dominance of Nematoda. 
Meiofauna densities found on Caixa d’Água (mean 
total density of 547.51 ind./10cm2 in the rainy period and 
1144.83 ind./10cm2 in the dry period) were considerably 
lower than those found in other studies. Albuquerque et 
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al. (2007) recorded values from 1556 to 13125 ind./10cm2 
on Restinga da Marambaia beach (Rio de Janeiro-Brazil). 
However, this type of comparison must be done with cau-
tion, as sampling effort and corer size vary among the 
studies on meiofauna. This fact could explain the higher 
densities found by Albuquerque et al. (2007), who used a 
corer with 3.5cm diameter and 30cm long. Furthermore, 
Restinga da Marambaia has only marine influence, whi-
le Caixa d’Água is influenced by Marapanim river, fact 
that probably also have an influence in the density. When 
compared with studies conducted in the Amazon region, 
where the size of the corer and the influence of rivers were 
similar, Caixa d’Água had values similar to those found 
by Rosa-Filho et al. (2011) (500 - 4000 ind./10cm2) and 
Ataide et al. (2014) (1710 - 1832 ind./10cm2), both con-
ducted on the same beach or nearby. However, Caixa 
d’Água, which is an intermediate beach, had considerably 
higher density than Ajuruteua beach (also in the Amazon 
region and considered a dissipative beach), studied by 
Gomes and Rosa-Filho (2009), who found densities ran-
ging from 553 to 674 ind./10cm2. Studying meiofauna of 
sandy beaches, McLachlan & Turner (1994) concluded 
that intermediate beaches provide suitable conditions for 
the success of interstitial fauna, which has higher densi-
ties and diversity. This fact occurs because these environ-
ments do not have extreme physical and chemical factors 
governing fauna, which might explain the higher densities 
found on Caixa d’Água.
Horizontally, meiofauna is generally more abundant in 
the mid-tidal level (Giere, 2009). On Caixa D’Água beach, 
meiofauna density, as well as nematofauna density, was also 
higher at the central station (S3) of the intertidal zone in the 
rainy period, thus corroborating the pattern mentioned above. 
This higher faunal density in the mid-tidal level of the 
beach was also found by Armonies and Reise (2000) on 
a beach located in Sylt Island, North Sea, by Kotwick et 
al. (2005) on Heist beach, Belgium, and by Gingold et al. 
(2010) on a beach of the Gulf of California, Mexico, all of 
which are macrotidal beaches. However, on Caixa d’Água 
beach, the station closer to the high tide mark (S1) also 
had a high meiofauna density. This pattern of high density 
close to the high tide mark has already been recorded by 
Rodríguez et al. (2001) in Chile. Differently, in the dry pe-
riod density was lower on Caixa d’Água beach in the high 
intertidal zone (S1) and it followed an increasing trend to-
wards the low tide mark, with higher density at the station 
closer to the waterline (S5). Similar results were observed 
by Gheskiere et al. (2002) and Gheskiere et al. (2004), 
who studied the macrotidal beach De Panne in Belgium. 
Therefore, on Caixa d’Água beach, the middle intertidal 
zone seems to be the most stable region of the beach in the 
rainy period whereas the low intertidal zone seems to be 
the most favorable site for fauna in the dry period.
McLachlan (1983) and McLachlan and Turner (1994) 
consider the middle intertidal zone as the most suitable 
to the existence of dense meiofauna populations, as it has 
the most favorable conditions for interstitial organisms 
regarding balance between water content, oxygen input, 
and physical stability. In the rainy period, fauna followed 
the general pattern suggested above; however, in the dry 
period, fauna seemed to be responding more sharply to 
the fluctuation in sediment moisture, with preference for 
dominating the low tide mark. This pattern is probably due 
to the sharp decrease in the precipitation and increase in 
temperature that occur in the Amazon region during the 
driest months of the year. We suggest that in Amazon re-
gion meiofauna changes its colonization pattern on sandy 
beaches with the climatic period: higher densities at mid-
-tidal level on rainy period and higher densities at low tide 
mark on dry period. These patterns can be confirmed in 
future long-term studies.
The vertical distribution of meiofauna and nematofauna 
in the rainy period followed the pattern already mentioned by 
several authors at other locations (i.e. Coull and Bell, 1979), 
decreasing their density with increased sediment depth. In 
the dry period, however, meiofauna did not follow this pat-
tern at all stations. Quite the opposite, at the two stations 
closer to the high tide mark (S1 and S2), fauna had similar 
densities among the sediment layers, with a tendency to-
wards higher density in the lower sediment layer (5-10cm) 
and lower density in the upper sediment layer (0-2cm). 
The tendency towards lower density in the upper sediment 
layer at the two first stations, which are closer to the high tide 
mark in the dry period, is likely due to the fact that this 
part of the beach is the least moist during low tide, which 
discourages the presence of organisms, especially in the 
driest months of the year. According to Jansson (1968), 
water content in the sediment is one of the most impor-
tant factors that influence meiofauna distribution (whi-
ch includes Nematoda), as the organisms might migrate 
from upper portions of the sediment to the lower ones 
to avoid desiccation. Hence, the result obtained in this 
study confirms what has been suggested by McLachlan 
(1977); that meiofauna is present mostly under conditions 
where oxygen is abundant, a fact observed at all stations 
of the intertidal zone in the rainy period. Additionally, 
BRAZILIAN JOURNAL OF OCEANOGRAPHY. 2019;v67:e19230
Baia et al.: Meiofauna and nematodes on a macrotidal beach
15
these organisms attempt to avoid desiccation (McLachlan, 
1977) changing their sediment layer preference at stations 
which are farther from the waterline in the dry period, sho-
wing once again the impact of this period of the year on 
fauna distribution.
Regarding vertical taxon zonation, Nematoda were 
present in all sediment layers, with high abundance in near-
ly all sediment layers of all stations. Generally, Nematoda 
is a group with high tolerance to low amount of oxygen, 
while other taxa, such as Copepoda, are more sensitive 
to decreased oxygenation (Elmgren, 1975; Murrell and 
Fleeger, 1989; Modig and Ólafsson, 1998; Moodley et 
al., 2000; Kotwick et al., 2005). Turbellaria had a higher 
abundance pattern in the upper sediment layers of nearly all 
stations, which was also observed by Kotwick et al. (2005), 
who studied sandy beaches in a temperate region (Europe). 
In tropical areas, seasonal changes are less defined 
compared to temperate areas, but most organisms of the 
meiofauna have some seasonality, with higher abundance 
in hotter months (Coull, 1988). This pattern was not obser-
ved on Caixa d’Água beach. Quite the opposite, meiofau-
na had higher mean density in the rainy period. A similar 
result was found by Pinto & Santos (2006) on Coroa do 
Avião beach in northeastern Brazil and by other authors in 
different types of environments of tropical areas worldwi-
de, e.g. estuaries along the western coast of India (Ansari 
and Parulekar, 1993), a mangrove in Australia (Alongi, 
1987), and a mudflat in northeastern Australia (Dittman, 
2000). However, in the present study, there were sharp 
changes in the representativity level of some groups in the 
different periods studied. Predominantly freshwater taxa 
such as Rotifera (Giere, 2009) tends to benefit from the 
rainy period, which is indicated by their increased density, 
and can be observed in the meiofauna community of Caixa 
d’Água in the rainy period. On the other hand, Tardigrada 
had higher density in the dry period, and this pattern was 
also found by Rocha et al. (2004) who recorded the hi-
ghest Tardigrada density, more specifically of the species 
Batillipes pennaki, in the low intertidal zone during dry 
period in Itamaracá, northeastern Brazil.
The number of Nematoda genera recorded (72) lay 
within the values found on beaches worldwide, e.g. by 
Fonseca-Genevois et al. (2004), who found 62 genera in 
Cabo Frio, southeastern Brazil; Maria et al. (2008), who 
found 62 genera on beaches of the Guanabara Bay, also 
in southeastern Brazil; Gingold et al. (2010), who found 
96 genera on El Tornillal beach in the Gulf of California, 
Mexico; Gheskiere et al. (2004) and Maria et al. (2013), 
who found, respectively, 65 and 60 genera on De Panne, 
Belgium. The three latter were also conducted on macro-
tidal beaches. However, the genus richness found in the 
present study was higher than the only study conducted on 
a Brazilian Amazon beach (Melo et al., 2013), where 47 
genera were recorded. The highest sampling effort used in 
the present study might explain the higher genus richness 
found. Furthermore, 69% of the genera found are new re-
cords for Amazon beaches.
Horizontally, nematofauna richness increased towards 
the low tide mark, while vertically, a lower richness was re-
corded in the upper sediment layer in most stations. As the 
densities were higher in upper sediment layer, this means 
that few genera (in this case Daptonema and/or Theristus) 
dominated the association. This decreased richness in the 
upper sediment layer and towards the region closer to the 
high tide mark is probably a response of Nematodes to 
desiccation caused by the higher exposure that occurs at 
these sites during low tide. Only more tolerant genera to 
desiccation remained in these situations. This horizontal 
pattern did not corroborate other studies conducted on ma-
crotidal beaches, where nematofauna had higher richness 
in the mid-tidal level of the beach (Armonies and Reise, 
2000; Gheskiere et al., 2004; Gingold et al., 2010; Maria 
et al., 2013). Unlike the other macrotidal beaches men-
tioned above, Caixa d’Água beach is situated in the tro-
pical region. This means it is under the influence of the 
high temperatures present in this region throughout the 
year. These high temperatures in the tropical region are 
considered to have higher importance in the structuring 
of nematofauna, which was evident in the nematofauna 
richness pattern across stations of the intertidal zone on 
the studied beach.
The dominance of detritivorous genera on Caixa 
d’Água beach is probably related to sediment grain size and 
to the likely high organic matter input in the region. Heip et 
al. (1985), who revised marine Nematoda ecology, mentio-
ned the dominance of detritivorous genera, e.g. Daptonema 
and Theristus (both from the family Xyalidae), in envi-
ronments with small-sized sediment grains. Additionally, 
several other studies have shown the dominance of the 
family Xyalidae in environments with fine-to-medium 
grains (Nicholas and Hodda, 1999; Gheskiere et al. 2004; 
Hourston et al. 2005; Moreno et al. 2006; Mundo-Ocampo 
et al. 2007). Deposit-feeding benthic organisms benefit 
from organic matter input derived from rivers (Montagna 
and Kalke, 1992; Snelgrove and Butman, 1994) and mi-
ght therefore have high abundance, which is what probably 
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happens on Caixa d’Água. The region where this beach is 
situated is directly affected by the waters of the Marapanim 
Bay and its estuary located west of Algodoal Island, which 
thus explains its high organic matter input.
Regarding seasonal variation, nematofauna had higher 
abundance, especially the 1B group (non-selective deposit-
-feeders), and lower richness during rainy period. The in-
crease in abundance of Nematoda assemblages, particularly 
of non-selective deposit-feeders, and consequent decrease 
in Nematoda diversity might be a response to organic enri-
chment (Sandulli and De Nicola-Giudici, 1991; Coull and 
Chandler, 1992; Schratzberger and Warwick, 1998), which 
probably occurs on Caixa d’Água during rainy month. The 
Amazon coastal zone is subject to a high organic matter 
supply due to high mangrove productivity and river inputs 
(Dittmar et al., 2001). This organic matter and nutrient 
input undergoes a strong seasonal variation, with higher 
influence on the coast during rainy season due to high rain-
fall and freshwater discharge (Aller and Stupakoff, 1996), 
which might directly affect Nematoda assemblage.
Significant differences between periods were indica-
ted by PERMANOVA and also by the graphic configura-
tion of the non-metric ordination analysis (nMDS) althou-
gh nMDS showed a mixture of samples between periods. 
This indicates that climatic period is a structuring factor 
of nematofauna on Caixa d’Água beach. Regarding ho-
rizontal nematofauna structure, two associations in the 
nMDS graph can be observed, which are related to expo-
sure caused by the ascent and descent of the tide. The first 
association, related to the stations closer to the high tide 
mark (S1 and S2) is an assemblage characterized by un-
dergoing an extreme desiccation, since, as mentioned abo-
ve, these two stations are exposed to sunlight for a longer 
period. Hence, desiccation that occurs in this region of the 
intertidal zone might affect Nematoda, and might cause 
the absence of some more sensitive genera, especially in 
the dry month. The second association, comprised of the 
three stations closer to the low tide mark (S3, S4, and S5), 
is a community associated with the middle intertidal zone 
and the region of the beach that is dry for a shorter period. 
Therefore, temperature in these regions is relatively more 
constant (Gheskiere et al., 2004) and desiccation is lower, 
especially in the station closer to the low tide mark.
Considering vertical structure, PERMANOVA also 
indicated significant differences between sediment layers 
and the graphic configuration of the non-metric ordination 
analysis (nMDS) showed that Nematoda association in the 
lower sediment layer (5-10cm) is more differentiated than 
that of other sediment layers (0-2 and 2-5cm). According 
to Ott (1972), lower sediment layers are characterized by 
stable environmental parameters, low concentrations (or 
even absence) of oxygen, and high H
2
S concentration. 
According to the same author, animals that dwell in these 
layers seem to be adapted to tolerate this harsh and anaero-
bic environment, and maintain their populations there, but 
do not necessarily depend on it (Ott, 1972). However, they 
show lower tolerance to the variations in environmental 
parameters that occur in the upper sediment layers (Ott, 
1972), which might explain the singular nematofauna 
structure in the lower sediment layers of the present study.
In our results we found that organisms have different 
distribution patterns in the sediment, both horizontally 
and vertically. On the other hand, seasonally, rainfall is the 
main structuring factor of fauna. Meiofauna communities 
and Nematoda assemblages showed changes in their ho-
rizontal and vertical distribution patterns according to di-
fferent months/climatic periods (rainy x dry), thus empha-
sizing that there is also seasonality on tropical macrotidal 
beaches. Some distribution patterns of organisms already 
known from microtidal beaches were found in this study, 
particularly in the rainy period, e.g. higher meiofauna den-
sity in the middle intertidal and decreased density in lower 
sediment layers. However, there were also differentiated 
patterns, even when compared to macrotidal beaches of 
temperate regions, such as increased Nematoda richness 
towards the low tide mark. These differential patterns 
found made it evident that tropical macrotidal beaches 
have differentiated characteristics and this singularity in-
fluences the distribution pattern of the interstitial fauna.
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